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Abstract: Urban agglomeration on Yangtze River Delta (UA-YRD) had some advantages in 
the aspects of water, land, ecological environment, location and transportation. Relying on the 
resource-environment bases and other advantages, UA-YRD has achieved great develop-
ment. Based on index system and model of comprehensive evaluation, the paper calculates 
the development level of UA-YRD since 1978. The result shows that from 1978 to 2007, the 
development level increased year by year at an annual rate of 0.0333, and the process of 
development could be divided into three stages, i.e. low-speed development stage 
(1978–1991), rapid development stage (1991–2000), and high-speed development stage 
(2000–2007). The speeds are 0.0083, 0.0356 and 0.0766, respectively. During the 30-year 
development, foreign economic activity has the greatest effect on development, followed by 
transportation, industrial economic activity and telecommunication (in order). Additionally, 
different driving forces have different effects in different stages. The paper suggests that more 
attention should be paid to the high-speed development stage and the important driving 
forces to drive its development. At the same time, the limitation of resource and environment 
should not be neglected and a long effective mechanism needs to be established to sustain 
harmonious development among the UA development, resource utilization and environmental 
protection. Some comparative studies should be carried out urgently to support and promote 
sustainable development of UA effectively, especially towards evolution, driving forces and 
braking forces. 
Keywords: urban agglomeration on Yangtze River Delta; development evolution; driving forces; braking forces  
1  Introduction 
The researches on urban agglomeration (UA) have been conducted for more than one cen-
tury, including conception, region definition, spatial structure, socio-economic development, 
and dynamic mechanism (Geddes, 1915; Gottmann, 1957; Ullman, 1957; Hagerstrand, 1968; 
Friedmann, 1973; Zhou, 1988; McGee, 1991; Yao et al, 1992; Lang et al., 2005; Hall et al., 
2006; Fang et al., 2010; Krugman, 1996). Domestic researches started in the 1980s, which 
522  Journal of Geographical Sciences 
 
 
have gradually developed from the earlier cognition up to national strategy (Gu et al., 2011; 
Wang et al., 2010). UA has been a brand new basic regional unit for China’s participating in 
global competition and international labor division, and its development has a deep impact 
on international competition of the state, as well as an important significance on sustainable 
and stable national economic development (Allen, 2001). UA’s development is supported by 
resource, environment and some other advantages, and its process is complicated. A deep 
research into its resource-environment bases, advantages and evolution characteristics could 
provide a practical reference for solid and rapid development of UA in China.  
At present, a range of urban agglomerations (UAs) with various scopes and developing 
levels have taken shape in China. Three typical UAs are respectively on the Yangtze River 
Delta, Pearl River Delta and in the capital metropolitan region, among which the UA on 
Yangtze River Delta (UA-YRD) has the characteristics of early start and high level of de-
velopment. A comprehensive measure shows that in 2003, UA-YRD ranked the top of 23 
UAs in China concerning the level of development and compactness, which tended to a 
stage of great prosperity (Fang et al., 2005; Fang et al., 2008). Researches concerning the 
development of UA-YRD mainly include spatial and economic characteristics (Yao et al., 
1998; Zhang et al., 2006; Pan et al., 2008; Xie et al., 2008; He et al., 2006), dynamic 
mechanism and development trend (Ning et al., 1998; Gu et al., 2007). There have been 
relatively few studies on evolution of development and measurement of driving forces. This 
paper comprehensively analyzes resource-environment bases and some advantages of 
UA-YRD; furthermore, based on 30-year development and its driving forces, it aims to get a 
better understanding of the process of UA-YRD development and to enrich typical studies of 
UA. 
2  Study area and data 
2.1  Study area 
UA-YRD studied in this paper includes Shanghai as the core, eight cities of Jiangsu Prov-
ince, i.e. Suzhou, Wuxi, Changzhou, Nanjing, Zhenjiang, Yangzhou, Taizhou and Nantong, 
and six cities of Zhejiang Province, i.e. Hangzhou, Jiaxing, Huzhou, Ningbo, Shaoxing and 
Zhoushan. In sum, there are 15 cities (Fang et al., 2010) (Figure 1). It totally covers an area 
of 100,700 km2 and has a population of over 77 million. It is also a region with the most 
developed economy in China. In 2007, UA-YRD covering 1.5% of national land area where 
5.9% of national population lived, created nearly 1/5 of GDP. In the early 1960s, it was 
listed by Gottmann (1961) into one of the six metropolitan regions in the world. Currently, 
UA-YRD is located in the crossing center of “T-shaped” pattern of national macro develop-
ment strategy. UA-YRD now has already grown into such a unit among UAs in China that 
boasts the strongest economic strength, the largest industrial scale, as well as the most com-
petitive force, and it has shown its significance as the sixth biggest UA region in the world.  
2.2  Data sources 
The data in this paper include two types, i.e. land use data and socio-economic data. The 
land use data were obtained through detection analysis of Landsat TM satellite images on  
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Figure 1  Urban agglomeration on the Yangtze River Delta and its geographic location 
October 8, 1991 and October 18, 2008, with a spatial resolution of 30 m×30 m. 
Socio-economic data are mainly collected from China Cities Statistics Yearbook of Shanghai, 
China Cities Statistics Yearbook of Jiangsu and China Cities Statistics Yearbook of Zhejiang 
Statistics Yearbook, Sixty Years of Jiangsu and Sixty Years of Zhejiang, as well as various 
statistics almanacs of related cities in Jiangsu and Zhejiang. This paper uses the average 
value of adjacent years to replace part of indicators for individual years with missing data. 
3  Resource-environment bases and advantages of UA-YRD development 
The UA-YRD, located between 29°11'–33°24′N and 118°22′–121°30′E, belongs to the sub-
tropical monsoon climatic region. Relying on fertile plain of the Yangtze River Delta, it is an 
important region for agricultural production in historical China. Besides, this region is 
densely populated and suitable for socio-economic development (Yang et al., 2009). All of 
these are important bases for UA-YRD’s development. 
3.1  Water resources 
Water is a kind of indispensable strategic resource, which is the basic guarantee for UA de-
velopment. UA-YRD has three major rivers, i.e. the Yangtze River, the Qiantang River and 
the Huaihe River, and a lake network with Taihu Lake in the center. Water area accounts for 
about 8%. Annual average volume of local water resources over years is 537.79×108 m3 and 
water volume per unit area is abundant (Zhu et al., 2004). However, with the population 
increase and socio-economic development, per capita volume of local water resources has 
become less and less, which is only 1/3 of the national level. Water diversion is another 
source, which, to a certain extent, has solved the problem of water shortage. Generally 
speaking, there has been a water crisis in UA-YRD region, especially the water quality 
problem induced by pollution. In the future, it is necessary to raise the guarantee level of wa-
ter resources. Conservation and rational use of water resources should be encouraged, and 
more attention should be paid to water pollution and water-body ecological deterioration. 
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3.2  Land resources 
Land is the most basic supporting element for UA development, which provides spaces for 
agricultural production, industrial development and other socio-economic activities. Urban 
land, a major type of land, expands rapidly in the process of UA development. It increased 
by nearly 1.60×104 km2 from 1991 to 2008, with an annual rate of 970 km2, which is mainly 
from paddy field, dry land, forest land and water (Table 1 and Figure 2). The increase hap-
pened in four major regions, i.e. Shanghai, Suzhou-Wuxi-Changzhou region, Nan-
jing-Zhenjiang-Yangzhou region and Hangzhou-Ningbo-Shaoxing-Huzhou region. Urban 
land supports UA-YRD development, and at the same time its increase results in loss of cul-
tivated land and land resources (Yang, 2001; He et al., 2006; Zhang et al., 2011). From 1991 
to 2008, paddy field and dry land decreased by nearly 7000 km2 and 5000 km2, respectively, 
due to urban land expansion. From now on, this region will face a vital problem of lack of 
land for development, and the problem will arouse an intensive use of land resources. 
 
Table 1  Sources of increase in urban land 
Increase in urban land (km2) Sources of increase (%) 
Paddy field Dry land Forest land Water Others 
1.60×104 
63.82 14.73 12.99 7.84 0.61 
 
Figure 2  LUCC of UA-YRD respectively in 1991 and 2008 
3.3  Ecological environment  
Sound ecological environment is the basic guarantee for socio-economic sustainable devel-
opment of UA. However, human activities and urbanization will, to a certain extent, affect 
the ecological environment because of a high population density, rapid socio-economic de-
velopment and obvious signs of industrialization and urbanization in UA-YRD. Therefore, 
after several years, the quality of ecological environment has deteriorated and land, water 
and air suffered from pollution to different degrees (Fu et al., 2008; Li et al., 2009; Xu et al., 
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2010; Gu et al; 2011; Tian et al., 2011). A study in 2008 showed that the value of ecosystem 
service (ESV) is low in Shanghai and most parts of southern UA-YRD, which is lower than 
that in central UA-YRD, while it is high in Nanjing, southwest of Hangzhou and northern 
UA-YRD (Figure 3) (Wang et al., 2011). Generally speaking, ESV decreased commonly 
compared with the year 1991, and the decrease in Shanghai, Jiaxing, Wuxi and Yangzhou is 
most obvious. The ecological environment in UA-YRD should be protected urgently. 
 
Figure 3  ESV pattern of UA-YRD in 2008 
3.4  Location advantage 
Throughout global UAs and economic centers, their locations play an important role, with 
no exception to the general pattern of UA-YRD. UA-YRD, located on the eastern coast of 
China, is an important node on Western Pacific route with vast economic hinterland and out-
standing location advantage, linking China with the rest of the world. Since reform and 
opening up started, it has attracted many industrial and technological transfers worldwide. 
Opening up Pudong and six port cities along the Yangtze River respectively in 1990 and 
1992 has boosted the development of export-oriented economy. At present, it absorbs 80% 
of top 500 enterprises in the world. The total volume of import and export increased from 
USD 14.59 billion in 1992 to USD 766.51 billion in 2007, the actually utilized foreign capi-
tal increased from USD 3.11 billion in 1992 to USD 36.46 billion in 2007. Such a location 
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advantage drives UA-YRD development efficiently. 
3.5  Transportation advantage 
UA-YRD is one of the regions with most developed transportation facilities in China. It has 
deepwater ports of high quality and dense transportation networks, which links China and 
other countries, connects north China and south China and radiates to the central and west-
ern parts of China. Rapid development of transportation provides a fast track based on the 
spatial network for UA-YRD development. After 2000, UA-YRD intensified traffic infra-
structure construction and the growth of transportation has been accelerated (Figure 4). In 
the next 5–10 years, a “Z-shaped” rail structure in the region will be formed, in which 
Shanghai is the center that connects other major cities such as Nanjing, Hangzhou and 
Ningbo. Furthermore, the “3-hour city circle” will be formed around Shanghai–the dominant 
city, and it will cover all the cities in UA-YRD region around 20201 (Figure 5). In addition, 
port construction develops rapidly, and every port has more than 900 routes for container 
transportation to 180 countries at least, in which Shanghai’s port cargo throughput and con-
tainer throughput ranked the world’s first place in 20102. Supported by the construction of 
aviation hubs and airports, UA-YRD will form a route network and airport group with ra-
tional planning and cooperation with each other. Transportation, as a carrier for materials 
and information circulation, makes a spatial connection in the widest scope and at the high-
est speed, and promotes a socio-economic development of UA-YRD. 
 
Figure 4  Transportation development of UA-YRD from 1978 to 2007 
4  Dynamic evolution and driving forces of UA-YRD development 
Based on resource-environment bases and advantages, UA-YRD has developed gradually at 
the highest level. It grew up to the strongest economic center, the important international 
gateway to the Asia-Pacific Region, and was the first to rank the world-class UA. 
4.1  Dynamic evolution and characters of UA-YRD development 
4.1.1  Index system and calculation 
Based on the principle of independence, representativeness, feasibility and moderation and 
referencing from the existing comprehensive evaluation index system (Fang et al., 2005;  
 
1 Source: Traffic Planning of the Yangtze River Delta, 2007. 
2 Source: China Trade News, March 5, 2011. 
(http://www.chinatradenews.com.cn/founder/html/2011-05/05/content_9199.htm?div=-1) 
WANG Jing et al.: Advantages and dynamics of urban agglomeration development on Yangtze River Delta 527 
 
 
 
Figure 5  Transportation network of UA-YRD 
Miao et al., 2006), the UA-YRD development evaluation indexes selected in this paper in-
cludes 16 basic indexes covering nine aspects, i.e. economic development, urbanization, 
investment in fixed assets, income distribution of inhabitants, industrial development, eco-
nomic trade at home and abroad, transportation and telecommunication. After data stan-
dardization3, the 16 basic indexes are calculated into nine indexes (YzDj, j=1, 2, …9) and the 
calculation methods are shown in Table 2. Then the value of comprehensive evaluation of 
UA-YRD for the ith year is calculated in the following equation: 
 
9
1
*
=
′ = ∑i j ij
j
YzD w YzD   (1) 
where wj is the weight of index calculated by the method of AHP supported by entropy tech-
nique (Table 3), YzDij represents the value of evaluation index j in the ith year (Table 4), j is 
the number of indexes (j=1, 2, …, 9), and i is the number of years (i=1, 2, …, 30). 
 
 
3  The data is standardized following the principle that the positive calculating method uses formula of 
*
min{ }
max{ } min{ }
−= −
ij iji
ij
ij ijii
x x
x
x x
 and the negative calculating method uses formula of *
max{ }
max{ } min{ }
−
= −
ij iji
ij
ij ijii
x x
x
x x
. 
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Table 2  Index system for comprehensive evaluation of UA-YRD development 
Code Index  Evaluation content 
YzD1 YzD11 Per capita GDP (yuan) 
 
Economic intensity 
YzD12 Economic density (104 yuan/km2) 
YzD2 Urbanization level – Urbanization 
YzD3 Investment in fixed assets – Per capita investment in fixed assets (yuan) 
YzD4 
Income distribution of in-
habitants – 
Gini Coefficient= 1.067 - 20.22 (1/A) - 0.089lnA, A is per capita GDP 
(Fang, 2000) 
YzD5 Industrial economic activity – 
Industrial labor productivity = Industrial added value / Number of 
employees (yuan/persons) 
YzD6 Inner commodity circulation – Per capita retail sales of consumer goods (yuan) 
YzD7 YzD71 Foreign trade reliance = Total volume of export and import/ GDP 
 
Foreign economic activity
YzD72
Foreign capital reliance = The total amount of foreign capital actually 
utilized/GDP 
YzD8 YzD81 Per capita passenger traffic 
 YzD82 Per capita freight traffic 
 YzD83 Railway density (km/km2) 
 
Transportation 
YzD84 Road density (km/km2) 
YzD9 Telecommunication YzD91
Per capita number of mobile telephone subscribers  
(subscribers/10000 persons) 
  YzD92 Per capita number of internet subscribers (subscribers/10000 persons) 
  YzD93
Per capita business volume of postal and telecommunication 
(yuan/persons) 
Note: Calculation method of some indexes, i.e. 
1 11 12*YzD YzD YzD= , 7 71 72*YzD YzD YzD= ,  
4
8 81 82 83 84* * *YzD YzD YzD YzD YzD= , 39 91 92 93* *YzD YzD YzD YzD= . 
 
Table 3  Weight information of comprehensive indexes to evaluate development level of UA-YRD 
Codes YzD1 YzD2 YzD3 YzD4 YzD5 YzD6 YzD7 YzD8 YzD9 
Weight of indexes 0.1263 0.1206 0.1123 0.0263 0.1237 0.1093 0.1517 0.1483 0.0815 
 
4.1.2  Results 
It can be seen that the development level of UA-YRD has been increasing year by year 
(Figure 6), with an annual rate of about 0.0333. In combination with development of each 
index, the development process could be divided into three stages: low-speed development 
stage (1978-1991), rapid development stage (1991-2000), and high-speed development stage 
(2000-2007). 
Low-speed development stage (1978–1991): During the early period of reform and open-
ing up, UA-YRD developed an economic mode of internal capital accumulation, and private 
enterprises played a major role in driving economic development, which set off the upsurge 
of marketization and industrialization. However, economic transition in Shanghai was too 
late to slow down economic development. At the end of 1982, the central government issued 
the notice to establish Shanghai Economic Region, and in 1983, Shanghai Economic Region 
Planning Office was established. The development level rose while the speed was low. In 
this stage, telecommunication showed low-level development and foreign trade as well as 
foreign capital actually utilized had no significant development. Generally speaking, there 
was a low-level development with an annual rate of only 0.0083.  
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Table 4  Comprehensive values of each index for UA-YRD development 
Year Comprehen-sive values YzD1 YzD2 YzD3 YzD4 YzD5 YzD6 YzD7 YzD8 YzD9 
1978 0.0001 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 
1979 0.0132 0.0020 0.0950 0.0010 0.0140 0.0050 0.0040 0.0000 0.0000 0.0000 
1980 0.0157 0.0030 0.0780 0.0020 0.0340 0.0060 0.0060 0.0000 0.0230 0.0000 
1981 0.0186 0.0040 0.0950 0.0030 0.0450 0.0040 0.0080 0.0000 0.0250 0.0000 
1982 0.0227 0.0050 0.1110 0.0050 0.0560 0.0000 0.0090 0.0000 0.0380 0.0000 
1983 0.0264 0.0060 0.1240 0.0060 0.0670 0.0000 0.0120 0.0000 0.0470 0.0000 
1984 0.0402 0.0100 0.1990 0.0090 0.1010 0.0000 0.0170 0.0090 0.0540 0.0000 
1985 0.0591 0.0160 0.2810 0.0150 0.1460 0.0080 0.0280 0.0250 0.0660 0.0000 
1986 0.0629 0.0190 0.2290 0.0220 0.1680 0.0100 0.0330 0.0400 0.1020 0.0000 
1987 0.0715 0.0240 0.2350 0.0290 0.2020 0.0160 0.0410 0.0490 0.1190 0.0000 
1988 0.0864 0.0330 0.2610 0.0380 0.2460 0.0290 0.0570 0.0740 0.1280 0.0000 
1989 0.0914 0.0360 0.2810 0.0320 0.2630 0.0370 0.0620 0.0870 0.1210 0.0000 
1990 0.0959 0.0420 0.2940 0.0330 0.2890 0.0440 0.0630 0.0940 0.1160 0.0000 
1991 0.1081 0.0500 0.3010 0.0420 0.3190 0.0560 0.0730 0.1080 0.1420 0.0000 
1992 0.1468 0.0700 0.3240 0.0700 0.3840 0.0890 0.0920 0.2150 0.1840 0.0000 
1993 0.1915 0.1050 0.3760 0.1250 0.4680 0.1330 0.1350 0.3110 0.1900 0.0000 
1994 0.2516 0.1480 0.3990 0.1740 0.5430 0.1880 0.1800 0.5150 0.2020 0.0000 
1995 0.2812 0.1910 0.4280 0.2360 0.5990 0.2340 0.2310 0.4920 0.2320 0.0000 
1996 0.3092 0.2260 0.4610 0.2730 0.6390 0.2850 0.2730 0.4960 0.2460 0.0090 
1997 0.3271 0.2560 0.4800 0.2830 0.6690 0.3330 0.3040 0.4850 0.2570 0.0170 
1998 0.3485 0.2810 0.5000 0.3030 0.6890 0.3840 0.3300 0.4790 0.2750 0.0430 
1999 0.3694 0.3050 0.5420 0.3040 0.7090 0.4180 0.3560 0.4630 0.2980 0.0940 
2000 0.4287 0.3430 0.6050 0.3010 0.7370 0.5010 0.3880 0.5050 0.4230 0.1900 
2001 0.4663 0.3800 0.6440 0.3360 0.7620 0.5370 0.4240 0.5410 0.4400 0.2790 
2002 0.5171 0.4270 0.6670 0.3800 0.7930 0.5740 0.4660 0.6370 0.4690 0.3810 
2003 0.6215 0.5150 0.7880 0.5370 0.8380 0.6640 0.5260 0.8110 0.5050 0.5090 
2004 0.6958 0.6260 0.8430 0.6680 0.8850 0.7620 0.5960 0.7840 0.5850 0.6340 
2005 0.7699 0.7260 0.9020 0.7760 0.9220 0.8360 0.7510 0.7830 0.6270 0.7460 
2006 0.8643 0.8450 0.9510 0.8760 0.9580 0.9220 0.8590 0.7840 0.8360 0.8400 
2007 0.9651 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.7700 1.0000 1.0000 
 
Figure 6  Dynamic evolution basing on comprehensive evaluation of UA-YRD development  
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Rapid development stage (1991–2000): Along with the remarkable practice of opening up 
Shanghai Pudong New Area in 1990, UA-YRD stepped into the period of changing inter-
nal-oriented economy into external-oriented economy. Since 1991, it has shown rapid de-
velopment. During this stage, each index of development was raised. The value of compre-
hensive evaluation increased from 0.1081 in 1991 to 0.4287 in 2000, with the rate reaching 
0.0356, four times that in the first stage.  
High-speed development stage (2000–2007): Led by Shanghai, UA-YRD is an intersec-
tion of coastal and Yangtze River economic belt, and an important gateway. Since China’s 
entry into WTO in 2001, its foreign economy has entered an unprecedented development 
phase in history. In addition, infrastructure construction including telecommunication and 
transportation has been further developed. The level of UA-YRD development advanced 
steadily and highly, with an annual rate of 0.0766, two times that in the second stage and 
nine times that in the first stage.  
4.2  Driving forces in different stages based on analysis of dynamic evolution  
Based on the analysis of dynamic evolution, it is known that foreign economic activities, 
industrial economic activities, transportation and telecommunication play important roles in 
the process of UA-YRD development. Given the method of Gray Relation4 is suitable for 
analysis of short time-series data, it is adopted to measure four driving forces. The subse-
quence, i.e. index of foreign economic activity (X1), index of telecommunication (X2), index 
of industrial economic activity (X3) and index of transportation (X4) are chosen to be repre-
sented as { }(1), (2),..., (30)=k k k kX X X X (k=1,2,3,4), and the basic sequence, the value of 
comprehensive evaluation, is represented as { }0 0 0 0(1), (2),..., (30)=X X X X (k=1, 2, 3, 4). 
This paper calculates the relationship between the four driving forces (X1, X2, X3, X4) and 
UA-YRD development levels, respectively from 1978 to 1991, 1991 to 2000, 2000 to 2007 
and 1978 to 2007, and the calculated relation data in each stage is represented as r1, r2, r3 
and r4 (Table 5).  
(1) In combination with the comparative analysis in Figure 7, it can be seen that the four 
driving forces have different effects on UA-YRD development in different stages. From 
1978 to 1991, the order (from the top) is transportation, industrial economic activity, foreign 
economic activity and telecommunication, i.e. r4>r3>r1>r2. From 1991 to 2000, the order is 
foreign economic activity, industrial economic activity, telecommunication and transporta-
tion, i.e. r1>r3>r2>r4. From 2000 to 2007, the order is telecommunication, foreign economic 
activity, industrial economic activities and transportation, i.e. r2>r1>r3>r4. From 1978 to 
1991, foreign economic activities and telecommunication were still in the beginning, and did 
not show their strong influence; traffic infrastructure developed slowly and steadily; 
 
4 The method is calculating relation value between subsequence (Xk) and basic sequence (X0). The calculation 
is
0 0k i
0 0k i
min min X ( ) X ( ) max max X ( ) X ( )
(i)
X ( ) X ( ) max max X ( ) X ( )
− + ρ −
= − + ρ −ε
k kk i
k
k k
i i i i
i i i i
(i=1, 2, …, n), in which, n and q are respectively represents 
years and the number of driving forces; 0kmin min X ( ) X ( )− ki i i  and 0k imax max X ( ) X ( )− ki i  is the minimum absolute 
difference between X0 and Xk; ρ is a coefficient (0.5). Then the correlation of Xk to X0 will be calculated by expression 
1
1 ( )
=
= ε∑nk k
i
r i
n
. 
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Figure 7  Comparison of driving forces in different development stages of UA-YRD 
Table 5  Driving effect of four driving forces on UA-YRD development  
Gray relation degree 
Period 
r1 r2 r3 r4 
1978–1991 0.5610 —— 0.5721 0.5816 
1991–2000 0.7420 0.7327 0.7392 0.7103 
2000–2007 0.8165 0.8269 0.8157 0.8142 
1978–2007 0.7195 0.7000 0.7053 0.7089 
Note: Gray relation degree of telecommunication is none in the stage of 1978–1991. 
 
industrial development majored in traditional industry with low productivity, whose effect 
was lower than that of transportation. From 1991 to 2000, opening up policy gradually pro-
moted the influence of foreign economic activities. At the same time, industrial development 
supported by transformation and cluster propelled the rapid development of UA-YRD. From 
2000 to 2007, foreign economic activities were further enhanced, and the development of 
telecommunication speeded up largely. In addition, the development of township enterprises 
promoted industrial development, and intercity rapid transit and harbor system was devel-
oped and improved. In this stage, four driving forces promoted UA-YRD development into a 
new stage, in which the effect of telecommunication was outstanding. 
(2) During the 30 years, the order of four driving forces from the top is foreign economic 
activity, transportation, industrial economic activity and telecommunication, i.e. r1>r4>r3>r2. 
Foreign economic activity started to exert effect on the development of UA-YRD in the 
early 1990s. Transportation and traffic infrastructure construction developed steadily, and 
since 2000, traffic infrastructure has been improved to propel UA-YRD development. Fur-
thermore, the UA-YRD is the biggest comprehensive industrial base in China, and its indus-
try is of significant importance to its development. However, its effect is weaker than that of 
transportation. Finally, although telecommunication development started in the late 1990s 
and developed at a high speed, its effect on UA-YRD development in the 30-year stage is 
weaker than that of the other three. 
5  Discussion  
5.1  Comparison with development of foreign urban agglomerations 
UA-YRD has been the sixth large UA in the world and there are similarities and differences 
in development and dynamic mechanism, compared with UAs abroad. Generally speaking, 
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natural condition, location advantage, self-organization and endogenous growth, spillover 
effect as well as industrial concentrations are important factors affecting UA development 
(Benguigui, 1992; Arthur, 1994; Krugman, 1996; Fujita et al, 1997; Baruch, 1997; Duranton 
et al, 2000; Berliant, 2006). Besides, there is a series of guidelines for urbanization, and the 
government coordination mechanism is built to enhance intergovernmental collaboration 
(Vega et al., 2008; Hershberg, 1996; Frisken, 1991). There is hardly any special strategies 
and organization to managing development and spatial structure of UAs except some man-
datory behaviors existing in Japan and Korea. Oppositely, throughout the process of UAs’ 
development in China, none can develop effectively without supports of the government and 
their policies. For example, it is reflected in the process of making macro strategies and spatial 
planning, creating administrative agencies and managing its development. The government 
behaviors play an important role in UAs of China, which are different from UAs abroad. 
5.2  Braking forces caused by resource and environment changes in the process of ur-
ban agglomeration development 
With increasing shortage of global resources, resources and environment have become a 
major concern in the process of socio-economic development. Early in the 17th century, 
scholars realized that the ability of labor to create wealth is limited by natural conditions 
(William Pety, 1662). In 1996, theory of “growth drag”, for the first time, was used to meas-
ure the limitation of resources on economic development (Romer, 2001), moreover, many 
studies revealed that water, land and energy have the “growth drag” effect on economy. Re-
sources and environment provide an important guarantee, while excessive consumption of 
resources and environment destruction can cause eco-environmental deterioration and re-
source exhaustion, which will become braking forces to the opposite of driving forces and fur-
ther restrict the development of UAs. As an important region with rapid and concentrated social- 
economic development, UA should attach great importance to the effect of resource and en-
vironment in the process of development, and take concrete measures to sustain harmonious 
development among the UA development, resource utilization and environment protection, 
aiming at weakening the effect of braking forces caused by resource and environment. 
6  Conclusions 
(1) UA-YRD is one of the regions with a long history of development. In early period it 
became the most important modern economic center of China, relying on its re-
source-environment bases and advantages. However, with socio-economic development, 
consumption of resources and negative impacts of ecological environment have increased. 
(2) Over the 30 years since the reform and opening up started, the development of 
UA-YRD has increased year by year, and experienced three development stages: low-speed 
development stage from 1978 to 1991, rapid development stage from 1991 to 2000, and 
high-speed development stage from 2000 to 2007, with an annual rate of 0.0083, 0.0356 and 
0.0766, respectively. 
(3) Foreign economic activities, telecommunication, industrial economic activities and 
transportation play important roles in the process of 30-year development of UA-YRD. 
During the study periods, foreign economic activities have the strongest effect on UA-YRD 
development, followed (in order) by industrial economic activities, transportation and tele-
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communication. In different development stages, they have different effects.  
(4) UA-YRD is now in high-speed development stage, and more attention should be paid 
to socio-economic situation and problems of resources and ecological environment. During 
this period, we should take full advantage of dominate conditions, and at the same time, 
promote the low-carbon development, and boost harmonious development among 
socio-economy, resources and environment. In addition, governments at all levels should 
play a leading role in the process of development and resource allocation. 
(5) Faced with the resources and environment conditions restricting UA development, the 
effect of restrictive factors should not be neglected, hence, it is necessary to make a further 
study on braking forces of UA development aiming at promoting sustainable development. 
Comparative analyses of different UAs should be made to enrich relevant studies. 
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